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向偏移。造成夏季 δ13CDIC值降低。夏季径流冲淡水稀释作用又会使 DIC 浓度降
低，低于春季。利用端元分析法分析 DIC 的物源，结果表明西溪表层水体 DIC
来自土壤CO2的份额春季为26.9 %~44.6 %，均值为35.8 %；夏季为36.9 %~51.9 %，
均值为 44.2 %；秋季为 29.9 %~52.3 %，均值为 39.6 %。北溪表层水体 DIC 来自
土壤 CO2的份额春季为 15.2 %~38.6 %，均值为 27.7 %；夏季为 32.9 %~48.0 %，


















夏季，在空间上表层水体 DIC 浓度由河口向外海逐渐升高；表层水体 δ13CDIC值
秋冬季相对春夏季偏正，季节变化较小，空间上四个季节表层水体 δ13CDIC 值由
河口向外海逐渐偏正。 

























   Carbon as the key element of life, exists throughout the whole process of life in 
various forms. Carbon cycle is one of the most important biogeochemical cycles. In 
this paper, we chose Jiulong River watershed as the research area. Samples had been 
collected in West River, North river and Jiulong river estuary in one year, analyzed for 
the concentration of DIC and POC as well as the value of δ13CDIC and δ
13
CPOC. 
According to our analysis of carbon stable isotopic composition and physicochemical 
parameters, we discussed the temporal and spatial variations of DIC, POC, δ13CDIC 
and δ13CPOC as well as the mechanism of carbon cycle. The following conclusions: 
1. There were obvious seasonal variations on the average DIC concentration of 
surface water in West River. Seasonal changes in average DIC concentration 
showed: spring > summer > autumn. The DIC concentration of surface water 
increased along the river. Seasonal changes in average value of δ13CDIC showed: 
spring > autumn > summer. There was no obvious characteristics in the spatial 
distribution of δ13CDIC. Seasonal changes in average DIC concentration of surface 
water in West River showed: spring > summer > autumn. The DIC concentration 
of surface water decreased along the river. Seasonal changes in average value of 
δ13CDIC showed: spring > autumn > summer. The δ
13
CDIC of surface water 
increased along the river. There is no significant difference in DIC concentration 
of West River and North River in spring. In summer and autumn, DIC 
concentration of North River is greater than that of West River. The spatial 
distribution of  DIC concentration in West River is increased from upstream to 
downstream and that of North River is opposite. The δ13CDIC values of North 
River is more than that of West River. They are significantly lighter in summer. 
The spatial distribution of δ13CDIC values of North River was gradually biased 
from upstream to downstream. There was no clear trend in West River. 
2. The change trend of the DIC concentration of surface water in North River and 
West River is consistent with the basin carbonate and silicate rock distribution 

















large amount of terrigenous organic matter importing the river and oxidated in the 
transport process would produce lighter carbon. In hot and humid environment, 
vegetation organic matter would rapidly transfer to the soil organic matter and soil 
moisture would be high. These would enhance the silicate mineral dissolution. 
These processes were made to be δ13CDIC values negative offset. The large rainfall 
would make the DIC concentration decreased. We analyzed the source of DIC, the 
results show that DIC of surface water from West River have 
26.9 %~44.6 % ,averaged 35.8 % in spring, 36.9 %~51.9 %, averaged 44.2 % in 
summer and 29.9 %~52.3 %,averaged 39.6 % in autumn from soil. DIC of surface 
water from North River have 15.2 %~38.6 %, averaged 27.7 % in spring, 
32.9 %~48.0 %, averaged 38.2 % in summer and 30.7 %~38.8 %,averaged 33.9 % 
in autumn from soil. 
3. Seasonal changes in average DIC concentration of surface water in Jiulong River 
estuary showed: spring >winter > autumn > summer. DIC concentration of surface 
water increased from the estuary to the sea. There was no obvious seasonal 
variations in isotopic compositions. The δ13CDIC values in autumn and winter were 
relatively more positive than that in spring and summer. The δ13CDIC values 
increased from the estuary to the sea. 
4. The concentration of DIC and δ13CDIC values have good correlation with salinity, 
mainly controlled by the mixing effect of river water and sea water. In spring 
water is also affected by phytoplankton photosynthesis and water vapor exchange. 
In other seasons, it may be affected by oxidation of organic matter and biological 
respiration. The terrigenous input of DIC of Jiulong River estuary mainly from 
West River and North River. So the DIC concentration and δ13CDIC values of 
Jiulong River estuary have the same seasonal variation with West River and North 
River. 









































-、CO2和 CO 等。 
碳有三种同位素 12C、13C 和 14C。14C 为放射性同位素，半衰期为 5730 年，
在自然界中微量存在，多形成于大气圈中，是宇宙射线的热中子对氮作用的产物。
12
C 和 13C 为稳定同位素，相对丰度分别为 98.89 %和 1.11 %。碳稳定同位素的组
成通常用 δ13C 来表述： 
δ C13 = (𝑅样品 − 𝑅标准) 𝑅标准⁄ × 1000‰                      (𝑅 = 𝐶
13 𝐶12⁄ )   （1-1） 


















其“绝对”碳同位素比值 12C/13C=（11237.2±90）×10-6，定义其 δ13C=0 ‰。由于
PDB 的 13C 含量较高，所以，许多有机物和无机物的碳同位素都为负值。 
1.1.2 碳同位素分馏 
由于同位素的平衡效应和动力学效应，碳在不同的物质和形态间会发生同位
素分馏，从而导致 13C 和 12C 在不同物质和形态间的分布差异，即 δ13C 值不同。






13 + 𝐻 𝐶𝑂3(aq)
−12 ↔ 𝐶𝑂2(𝑔)
12 + 𝐻 𝐶𝑂3(aq)
−13          （1-2） 
在强的化学键合的化合物中富集较重同位素，即 13C 富集于海水中的溶解无












三种：C3 植物、C4 植物和 CAM 植物[24]。不同光合作用类型的植物，吸收大气
中 CO2形成有机质过程中，对碳稳定同位素的分馏模式不同，从而使形成的有
机质的 δ13C 值也有差异。C3 植物的 δ13C 值最低，范围为- 24 ~ - 40 ‰，平均值
为- 27 ‰；C4 植物的 δ13C 值最高，范围为- 9 ~ - 19 ‰，平均值为- 12 ‰；CAM
植物的 δ13C 值介于 C3 植物和 C4 植物之间，范围为- 10 ~ - 23 ‰，平均值为- 
17 ‰[25-26]。CAM 植物很少，仅存在于凤梨科和仙人掌科中；几乎所有树种和温
带植物都是 C3 植物，亚热带的黎科和禾本科植物是 C4 植物[27]。 
海洋表层浮游植物通过光合作用将海水中溶解无机碳转化为有机碳，优先吸
收 12C，所合成有机碳 δ13C 值比海水中溶解无机碳 δ13C 值低很多，从而使海水

















越高。表 1-1 列出了自然界中一些常见的含碳物质 δ13C 值分布范围。 
 
表 1-1 常见含碳组分 δ13C 值分布范围 
Tab. 1-1 The δ13C of the carbon-containing compound 
含碳物质 δ13C 值分布范围（‰） 
化石燃料 -22~-29 
大气 CO2 -6~-9 
碳酸盐岩 0~+5 
土壤有机物 -10~-33 
土壤 CO2 -16~-30 
C3 植物 -22~-34 


























































































图 1-1 河流 DIC 含量及其碳同位素变化示意图 
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